Fluorescence recovery after photobleaching (FRAP) is a widely used imaging technique to measure the mobility of fluorescently tagged proteins in living cells. Over the past decade, FRAP analysis has provided many insights into the dynamics of cellular processes, but there remain a number of assumptions in FRAP that have yet to be thoroughly evaluated. One fundamental presumption in FRAP analysis is that the intentional photobleaching causes only irreversible conversion of fluorescent proteins from a bright state to a dark state. However reversible photoswitching of many fluorescent molecules, including GFP, can also occur, namely some fluorescent molecules can revert from a dark state to a bright state. An undetected reversible fraction will cause overestimates of protein mobility in FRAP. We show that this photoswitching is likely to contaminate many FRAPs of GFP, and worse, the size of its contribution can be up to 60% under different experimental conditions, making it difficult to compare FRAPs from different studies. We develop a procedure to correct FRAPs for photoswitching, and apply it to FRAPs of the GFP-tagged histone H2B, which depending on the precise photobleaching conditions exhibits apparent fast components ranging from 9-36% before correction and ~1% after correction. We demonstrate how this ~1% fast component of H2B-GFP can be used as a benchmark both to estimate the role of photoswitching in previous FRAP studies of TATA binding proteins (TBP) and also as a tool to minimize the contribution of photoswitching to tolerable levels in future FRAP experiments. In sum, we show how the impact of photoswitching on FRAP can be identified, minimized and corrected.
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